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  Resumo 
A perda de biodiversidade, que actualmente ocorre a uma taxa sem precedentes 
na história, verifica-se a todos os níveis e escalas geográficas.  
Ambicionando o controlo e diminuição deste declínio teve lugar, em 1992, a 
Convenção da Diversidade Biológica que definiu três principais objectivos entre os 
quais a conservação da biodiversidade, através da diminuição da taxa de perda de 
biodiversidade, incluindo espécies e populações e o conhecimento e controlo das 
principais ameaças. 
Da transposição desta Convenção para Portugal surgiu a Estratégia Nacional 
para a Conservação da Biodiversidade. Esta estratégia pretende incentivar o estudo e 
conhecimento dos principais componentes da biodiversidade, em particular aqueles que 
são menos conhecidos ou se encontram mais ameaçados.  
Segundo o Livro Vermelho dos Vertebrados de Portugal, neste país existem 64 
espécies classificadas como com “Informação Insuficiente “ (DD), entre as quais se 
encontra o Eliomys quercinus. Esta espécie tem sofrido um declínio das suas populações 
sendo mesmo considerado o roedor com maior declínio na Europa. É possível que em 
Portugal esta espécie esteja também a enfrentar um declínio, não sendo conhecidas as 
causas e magnitudes desta redução. 
Tendo como ponto de partida a presença da espécie no território do Parque 
Natural do Vale do Guadiana e a possível ausência na área de regolfo de Alqueva e 
Pedrógão, pretendeu-se, com este estudo, determinar a ocorrência de Eliomys quercinus 
no Parque Natural Vale do Guadiana e áreas adjacentes de forma a averiguar a 
existência de uma zona de transição entre locais de ausência (ou diminuição acentuada) 
e presença, e ainda identificar os factores que poderão estar a contribuir para a 
ocorrência da espécie nesta região. 
Esta avaliação foi efectuada com base em localizações obtidas através de 
inquéritos relativos ao avistamento da espécie, que foram direccionados a pessoas 
ligadas ao campo de forma a maximizar o número de avistamentos. De forma a tornar a 
metodologia mais robusta foram tidos alguns cuidados aquando da construção dos 
questionários. 
De forma a determinar os factores que poderão estar a contribuir para a 
ocorrência da espécie na área de estudo recorreu-se à utilização de Modelos Lineares 
Generalizados (GLM’s) com a variável presença/ausência como variável resposta, 
 distribuição binomial e função de ligação logit. O procedimento seguido foi “stepwise 
backward and forward”.  
 
Através da análise das respostas aos questionários foi possível verificar a 
utilização de diversas estruturas para abrigo e/ou nidificação como por exemplo 
colmeias, árvores e aglomerados de pedras. 
A análise univariada demonstrou a influência positiva das variáveis inclinação, 
número de colmeias, proporção de xistos argilosos, presença de solos moderadamente 
ácidos, áreas agrícolas com matos, áreas florestadas e áreas de mato. Estas variáveis 
oferecem, de um modo geral, condições de abrigo e refúgio uma vez que possuem uma 
camada arbustiva desenvolvida, bem como estruturas como colmeias, árvores e 
aglomerados de pedras ou rochas que, como referido anteriormente, constituem os 
principais abrigos utilizados pela espécie. Nas áreas agrícolas com matos estas 
características associam-se ainda a uma maior disponibilidade alimentar, uma vez que 
as zonas de herbáceas estão relacionadas com a presença de insectos. Relativamente às 
variáveis inclinação, proporção de xistos argilosos e solos moderadamente ácidos 
conclusões semelhantes podem ser aplicadas a estas variáveis uma vez que estão 
normalmente associadas aos tipos de uso do solo referidos: áreas de mato no que 
respeita à variável inclinação e áreas agrícolas com matos, áreas florestadas e áreas de 
matos relativamente à proporção de solos de xistos argilosos e solos moderadamente 
ácidos. 
Por outro lado a longitude, a altimetria média, o perímetro de estradas, a 
proporção de dioritos ou gabros e granitos, a presença de áreas agrícolas, pomares e 
montados parecem ser desfavoráveis à ocorrência da espécie. No que se refere às 
variáveis relacionadas com o tipo de solo e tipo de uso do solo que influenciam 
negativamente a presença da espécie, verifica-se que estas áreas, de uma forma geral, 
não providenciam ao Eliomys quercinus locais de abrigo e refúgio uma vez que, 
geralmente, não possuem uma camada arbustiva desenvolvida ou locais como 
aglomerados de pedras. Os locais caracterizados pela presença de dioritos ou gabros 
caracterizam-se, nesta região, por corresponderem aos “barros de Beja” que em termos 
do uso do solo se traduzem em área agrícolas extensas e homogéneas sujeitas a uma 
maior intervenção humana. Como tal são áreas desfavoráveis à ocorrência da espécie, 
pelas razões acima descritas. Relativamente à presenças de montados adicionalmente à 
ausência de matos, a presença de pastoreio poderá contribuir para a influência negativa 
 destas variáveis na presença de Eliomys quercinus. Embora, segundo a bibliografia 
fosse espectável a presença da espécie em pomares, devido à heterogeneidade de 
habitats incluídos nesta variável, tal facto não se verificou. A inclusão de vinhas e 
explorações de olivais nesta variável poderão ser responsáveis pelos resultados. 
A influência negativa do perímetro de estradas está relacionada, essencialmente, 
com o risco de morte por atropelamento. Esse facto é confirmado pelas observações de 
indivíduos atropelados. 
Relativamente ao factor altimetria, é provável um certo enviesamento dos dados, 
uma vez que as principais elevações presentes na área de estudo correspondem a serras 
que são normalmente menos exploradas pelo homem e caracterizadas por uma 
vegetação mais densa, diminuindo assim a probabilidade de avistamento da espécie. 
No que respeita às variáveis climáticas a presença do Leirão parece ser 
promovida em locais mais quentes e com níveis mais baixos de radiação, precipitação e 
humidade. 
Contudo, o modelo multivariado que obteve um menor AIC considera que a 
presença da espécie é favorecida em locais mais quentes e com menores níveis de 
precipitação e humidade, solos ácido e presença de áreas agrícolas, pomares e áreas 
florestadas. Esta alteração da influência das áreas agrícolas e dos pomares poderá dever-
se à interacção entre variáveis, a qual não foi testada neste estudo. 
Este modelo explica cerca de 53% de variância dos dados e após a construção do 
mapa de probabilidade de ocorrência classifica correctamente 86.8% das ausências e 
87.1% das presenças na área de estudo. 
Tal como foi possível observar através da análise da distribuição dos resultados 
dos questionários, o mapa de probabilidade de ocorrência evidenciou um claro padrão 
espacial com uma aglomeração de probabilidade de ocorrência mais elevada na zona 
Sul, uma pequena faixa de transição e a região Norte caracterizada pela provável 
ausência da espécie. Este padrão vem assim confirmar a influência negativa da 
longitude na ocorrência da espécie obtida na análise.  
A ocorrência da espécie parece assim ser influenciada por variáveis relacionadas 
com o uso do solo, o tipo de solo e factores climáticos, embora seja necessário uma 
análise mais detalhada das últimas, uma vez que os dados utilizados referentes às 
variáveis climáticas eram pouco pormenorizados devido à escala de origem. 
Tal como referido na bibliografia consultada, a disponibilidade de refúgio parece 
ser relevante para a distribuição do Leirão pelo que serão necessários estudos baseados 
 por exemplo em capturas para avaliar a real influência desta variável na presença da 
espécie. 
Através deste estudo foi ainda possível verificar a importância do território do 
Parque Natural do Vale do Guadiana no que respeita à ocorrência de Eliomys quercinus. 
Tal facto demonstra também que as práticas de gestão aplicadas e permitidas na área do 
Parque contribuem para a ocorrência da espécie e para a manutenção das suas 
populações nesta região. 
 
 
 
Palavras-chave: Eliomys quercinus, Distribuição, factores de influência, GLM, Parque 
Natural Vale do Guadiana.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Abstract  
 
Eliomys quercinus is classified as Data Defficient (DD) according to the Red 
Book of Vertebrates. Although this gap of information, some results shows that this 
species is probably facing a decline of its populations in Portugal.  
The territory of Guadiana Valley Natural Park is referred as an occurrence area 
for this species. On the other hand in the backwater area of Alqueva and Pedrógão 
Garden dormouse seems to be absent. Thus, the objectives of this study were to 
determine the occurrence and distribution of Eliomys quercinus in PNVG and 
surrounding areas, to check for a transition zone between areas of occurrence and areas 
of absence or reduced abundance, in the study area, and to identify factors that 
determine the presence or absence of the species in the region.  
Variables concerning use of soil, type of soil, human influence and climatic 
information were analyzed by means of a generalized linear model. Data on the 
distribution of the species was obtained with questionnaires.   
The univariate analyze showed that presence is promoted by warmer areas, with 
lower levels of radiation, precipitation and humidity, slope, number of hives, proportion 
of clay shale, agricultural areas with shrubland, forested areas, shrubland areas and 
moderate acid soils. 
On the contrary the variables longitude, altitude, road perimeter, proportion of 
diorite or gabbro, granite, agricultural areas, orchards and “montado” seems to 
negatively affect the presence of Eliomys quercinus. 
However, the model obtained includes the variables humidity, precipitation, 
temperature, soil acidity, orchards, agricultural areas and forested areas, with a changing 
in the influence signal of orchards and agricultural areas.  
The results show a short transition belt that splits the occurrences (in the 
Southern area) from absences (in the Northern area), showing the importance of PNVG 
area in the maintenance of Garden Dormouse populations as well as of management 
practices that are use in the area. 
 
Key words: Eliomys quercinus, Distribution, Influencing Factors, GLM, Guadiana 
Valley Natural Park. 
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Introduction 
 
Biodiversity (or biological diversity) describes the variety of living organisms on 
Earth, the range of species, the genetic variability within each species, the varied 
characteristics of ecosystems (Pearce & Moran, 1994; O’Riordan & Stoll-Kleemann, 
2002; SCDB, 2010) and therefore, the sustainability of ecosystems (SCDB, 2006). 
Actually, the human species depends on the biological diversity for its own survival as 
it is estimated that at least 40% of the world economy and 80% of the human needs rely 
on biological resources (ENCNB, 2001). The loss of biodiversity may cause the 
disruption of ecosystems’ functions, thus making ecosystems more vulnerable, less 
resilient and less able to provide humans the required services. (SCDB, 2006; SCDB, 
2010) 
Nowadays, biodiversity is declining at all levels and geographical scales, at an 
unprecedented rate in the history of the earth (ENCNB, 2001; SCDB, 2006; SCDB, 
2010). The extinction of species has always occurred throughout history as a natural 
phenomena. It is usually compensated by speciation events: the evolution of new forms 
from existing ones. However, we are now facing an extinction rate that far exceeds the 
rate of "replacement" with new species. In the case of mammals, for example, the rate 
of extinction is currently 100 times higher than the rate of "replacement" (Heywood & 
Watson, 1995). 
This loss of biodiversity actually affects all forms of life and is mainly connected 
with factors such as climate change, overuse of natural resources, alteration or loss of 
habitat, pollution and spreading of invasive species; all of which have either remained at 
a constant level or increased in intensity in the last years (ENCNB, 2001; O’Riordan & 
Stoll-Kleemann, 2002; SCDB, 2006) 
As recognition of the current alarming rate of species extinction caused by 
human activities, in 1992 the Convention on Biological Diversity (CBD) emerged from 
the Rio de Janeiro “Earth Summit”. This Convention encompasses three main 
objectives: biodiversity conservation, sustainable use of its components and fair and 
equitable sharing of benefits arising from utilization of genetic resources (SCDB, 2006; 
SCDB, 2010). According to the first objective of the Convention, one of the main aims 
is to slow down the rate of biodiversity loss, including species and populations; and the 
knowledge and control of the principal threats to biodiversity (SCDB, 2006).  
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Following the guidelines of the CBD, Portugal outlined a National Strategy for 
Conservation of Nature and Biodiversity (ENCNB) that sets 10 Strategy Options of 
which we highlight the Strategic Option 1, which proposes to "promote scientific 
research and knowledge about the natural heritage as well as monitoring species, 
habitats and ecosystems "; and Strategic Option 5, which aims to "develop all over the 
country, specific actions for the conservation and management of species and habitats 
(...)"(ENCNB, 2001).  
The ENCNB (2001) considers the studies aiming to deepen knowledge on 
threaten or poorly known components of the natural heritage and biodiversity, of 
particular relevance, as their output may set the ground for developing the actions 
mentioned in the Strategic Option 5.  
Actually, in what concerns to the Mediterranean biogeographical region,  79% of 
amphibians and reptiles, 33% of fish and 28% of mammals were reported to an 
unfavourable-inadequate conservation status; 67% of fish and 50% of invertebrates are 
in a bad condition, and 28% of mammals were classified as having an unknown status 
(NRCBD, 2010). 
More information on species that present unfavorable or unknown conservation 
statuses is thus needed to fill the existent knowledge gaps on species distribution and 
environmental requirements, thereby allowing the development and implementation of 
effective conservation and management programs. 
Such gaps have been identified for the Portuguese vertebrate fauna and summarized in 
the Vertebrate Red Book. According to this work, a taxon is considered to be “Data 
Deficient”(DD) when there is no adequate information (although it has been 
investigated and some aspects of its biology are well known) to make a direct or indirect 
assessment of their risk of extinction based on distribution and / or status of the 
population". In Portugal there are 64 (12%) species classified within this category, 
being the mammals the group with a higher percentage of species classified as DD 
(28%). With regard to the order Rodentia, the only species that is referred as belonging 
to this category in Portugal is the Garden Dormouse (Eliomys quercinus, Linnaeus 
1766) (Cabral et al, 2005). 
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Background information on Eliomys quercinus 
 
Ecology 
 
The Garden Dormouse is a mostly nocturnal species (Moreno 2002) that, despite 
specialized for arboreal life, spend most of its time on the ground (Moreno, 2002; 
Bertolino, Cordero & Currado, 2003).  
Eliomys quercinus presents a distribution area ranging from the South of Finland 
(latitude 60ºN) to the Sahara Desert (25ºN), and from the Ural Mountains (40ºE) to the 
Atlantic Ocean (10ºO), being absent from the British Islands, Ireland and the 
Scandinavian Peninsula (Moreno, 2002 ; Bertolino & Canestri-Trotti, 2005; Bertolino & 
Cordero Di Montezemolo, 2007). 
The Garden Dormouse’s diet consists essentially of insects, as well as other 
arthropods, fruits and nuts and sometimes wax and honey, although often presents 
predatory habits on other mammals, eggs and young birds ( Holisová, 1968; Moreno, 
2002; and Gil-Delgado et al., 2010) 
In what concerns to the habitat, Eliomys quercinus is considered a generalist 
species (Moreno, 2002). It is found on different types of forests (forests of coniferous, 
deciduous or mixed forests), agricultural areas and Mediterranean shrublands ( Storch, 
1978 in Bertolino & Cordero Di Montezemolo, 2007; Macdonald & Barret, 1993; 
Moreno, 2002) and is often associated to stony and rocky areas or stone walls ( Le 
Louarn & Spitz, 1974 in Bertolino, 2007; Moreno, 2002; Bertolino, Cordero & Currado, 
2003; Bertolino, 2007;) 
 
Status and Population Dynamics 
 
The Garden dormouse was internationally classified by IUCN as Vulnerable in 
1996, however, its classification was recently altered. As the western populations 
remain stable, the total reduction over the past 10 years is actually less than 30%, which 
is a threshold for a classification of vulnerable, under criterion A of the IUCN (Annex 
1). However, due to the significant decline that this species faced recently, whose cause 
and extent are still poorly known, the species is from 2008 onwards listed as Near 
Threatened (Bertolino et al., 2008)  
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In fact, in the last 20 to 30 years, Garden Dormouse has disappeared from almost 
50% of its range in Eastern Europe being considered to be the rodent with the highest 
decline in Europe (Bertolino et al., 2008). 
For the Iberian Peninsula, available data are scarce, however according to a 
study carried out in the Doñana National Park, where this species was abundant 20 
years ago (632 catches for a total of 22,740 traps), the population is currently in decline 
(six catches in 11,520 traps) (Ruíz & Román, 1999 in Mathias et al., 2004).  
In Portugal, the species is reported for the entire continental territory, even 
though recent works pointed out very scarce and scattered occurrences across the 
country. In fact, the presence of Garden Dormouse was not confirmed in large parts of 
central and southern Portugal. It is possible that the present populations are also in 
decline, although the causes or magnitude of this reduction are not known (Cabral et al., 
2005).  
It is, therefore, of utmost importance to determine which factors may be 
responsible for this decrease, as well as get to update its distribution, in order to develop 
and implement measures that will enable E. quercinus populations to recover. 
According to the Management Plan of the Guadiana Valley Natural Park (south-
east of Portugal, district of Beja), the population of Eliomys quercinus is apparently 
abundant in the Park, but studies are needed to determine species requirements and 
factors that may influence its distribution and abundance (Cardoso et al., 2008). 
However, data obtained by Mathias (2004) in the backwater area of Alqueva and 
Pedrógão (located a few kilometres north of the limit of the Guadiana Park), do not 
confirm the occurrence of Eliomys quercinus in that area, since not a single individual 
was captured in several trapping sessions set in “Montado” and no individuals were 
identified in a total of 10,194 mammals-prey constituents of the diet of Tyto alba. As 
such, the southeastern region of Portugal seems a region of particular interest to study 
the distribution of Eliomys quercinus and the factors that determine its occurrence since 
there is a possibility of the existence of a transition zone between an area where Eliomys 
quercinus populations show significant abundances and another in which this species 
does not occur, or where its abundance is much reduced. 
In this way, the information obtained in this study will contribute to fill the gap 
on the knowledge of the Garden Dormouse in Portugal, and therefore allowing for a 
better management of the populations and implementation of conservation actions, in 
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order to achieve the objectives defined by the ENCNB. It will also allow PNVG to take 
decisions based on real data in what concerns to management actions, not only on 
PNVG territory but also on the surrounding areas. 
 
Objectives  
The main objectives of this study are 1) to determine the occurrence and 
distribution of Eliomys quercinus in PNVG and surrounding areas, 2) to check for a 
transition zone between areas of occurrence and areas of absence or reduced abundance, 
in the study area, and 3) to identify factors that determine the presence or absence of the 
species in the region.  
This will enable decision making at management level, contributing to conserve 
this species and reverse the negative trend that it probably faces in southern Iberia.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MATERIAL AND METHODS 
6 
 
Material and Methods 
 
Study area 
 
This research was carried out in the district of Beja, in “Baixo Alentejo”.  The 
study area includes the Guadiana Valley Natural Park, Mértola county and partially the 
counties of Almodôvar, Castro Verde, Beja, Moura and Serpa. It borders with the River 
Vascão to the south; with Almodôvar, Ourique and Aljustrel to the west; with Ferreira 
do Alentejo, Pedrógão and Moura to the north; and with Safara, Vila Verde de Ficalho, 
and the frontier with Spain to the east 
The area corresponds to the set of 45 military cards (508-513;519-524;529-534; 
538-543;547-551; 555-559; 563-567; 571-575)) at 1:25,000 scale.  
 
 
 
 
 
 
 
 
Fig 1. Localization of the study area in a continental map of the Portuguese Protected areas and 
its characterization in terms of type of land use. and characterization concerning the type of soil 
use.         
Agricultural areas;       Agricultural areas with Shrubland;       Orchards;        Shrubland;            
Forested areas;       “Montado”;       Complex cultivation patterns 
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The Natural Park of Guadiana Valley (PNVG), created in 1995 through the 
publication of Decree No. 27/95 of 18 November, has a total area of about 71 000ha 
(Cardoso et al., 2008; Monterroso, 2006).   
 This protected area has a typical Mediterranean climate regime, marked by hot 
dry summers and cold winters with low precipitation. The average annual air 
temperature lies at around 16.5 º C showing a mean minimum of the coldest month 
(January) at around 4.7 °C and a mean maximum in the warmest month (August) of 
33.8 °C . The precipitation is concentrated between October and March, and the annual 
average of rain does not exceed 500mm. In the summer months the rainfall is almost 
unexistent. For the insulation levels, the annual average is around 2808.6 m with 
maximums in July and the minimums in December and January (Cardoso et al., 2008). 
This is an area consisting mainly of rocks like shale, greywacke, metarenites, 
siltstones and conglomerates, which is crossed, by a band consisting of pyrite volcanic 
rocks (Cardoso et al., 2008). 
Among the key habitats that constitute the typical landscapes of the PNVG, the 
following are of particular notice:  
- the Riparian Systems, characterized by a shrubby vegetation, consisting mainly 
of Nerium oleander, Securinega tinctoria and Tamarix africana;  
- the Mediterranean Scrubland having a very diverse shrub layer composed of 
Cistus ladanifer, Cistus salviifolius, Genista triacanthos, Daphne gnidium and 
Asphodelus ramosus together with some trees as the Olea europea, the Phillyrea 
angustifolia, the Myrtus communis, Pistacia lentiscus and Quercus rotundifolia;  
- the “Montados” consisting of more or less scattered stands of Quercus suber 
and Quercus rotundifolia that sometimes presents its sub-cover used for rainfed cereal 
crops or pastures; 
- the Shrubland characterized by the presence of Cistus ladanifer, Cistus 
monspeliensis, Cistus salviifolius, Cistus crispus, Lavandula stoechas and Genista 
triacanthos;  
- Cereal Steppes corresponding to a traditional rotation system consisting of 
“Alqueives”, sowing and seasonal or annual fallow herbs, mostly with the use of species 
of the family of grasses and legumes (POPNVG, 2001) 
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The area surrounding the Park, belonging to the municipalities of Almodôvar, 
Castro Verde, Beja, Serpa and Moura, shows no major variations in climate comparing 
with the PNVG territory. The annual average temperature is around 16 ºC and the 
annual rainfall is slightly higher, however not beyond 550mm (CM Castro Verde, 2010; 
CM Serpa, 2010; CMB, 2010). 
 With regard to the habitats represented in the area, there is a predominance of 
agricultural areas, being the “montado” the second land cover class most represented. In 
the Municipality of Beja and Serpa, “montado” areas are characterized by a higher 
incidence of cork oak (Quercus suber), comparing to the territory of the PNVG, were 
holm oak, (Quercus rotundifolia) dominates. 
The main differences between the counties included in the study area are related 
to soil type. In Beja and Serpa counties, besides the presence of shales, greywacke and 
others, clay areas can also be found. These clays soils are characterized by a higher 
affinity for successful maintenance of traditional cultural systems for the cultivation of 
cereals, than those existing in the remaining counties (CM Castro Verde, 2010; CM 
Serpa, 2010; CMB, 2010). 
 
Questionnaires 
 
In order to obtain data on the possible occurrence of Eliomys quercinus in the 
study area, interviews were conducted between February and May of 2010. At first, the 
questionnaires were carried out only within the PNVG boundaries, but later on, they 
were extended to the surrounding area. 
The surveys were preferentially directed to people who, by the nature of their 
professions, could be more directly linked to nature, so as to maximize the number of 
possible sightings.  
With this objective in mind, we contacted the owners and managers of hunting 
areas in order to interview the guards, or others who spend more time on the field. 
Simultaneously, we carried out interviews in the areas where people live in rural houses 
or work in the field as well. 
During the interviews, special care was taken to ensure reliability of the 
sightings mentioned by the participants. We used a closed questionnaire in order to 
clarify the information obtained, and only ﬁrst-hand observations were accepted as 
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reliable. The interviewee was asked to find the location of the sighting, as accurately as 
possible, on a detailed map. 
Since this species is known by several names in the area, we decided to identify 
it as a “mouse with a tail with white tip”. Following a positive answer, a physical 
description of the species sighted was requested. 
 
The tail of the Garden Dormouse (due to its specific brush and color), and the 
dark mask on its face, as well as its size are the main features that differentiate this 
species from other rodents. Valid locations were considered only when the interviewee 
described at least two of these characteristics, simultaneously. We also collected 
information on the behaviors of the sighted species, in order to enrich the validity of 
answers obtained. 
After the description the interviewee was asked to identify the Garden Dormouse 
among images of different species. 
The structure of the questionnaire used is present on annex 2. 
 Presence/absence of the Garden Dormouse on 2x2 Km UTM sampled squares 
was used as the response variable in its occurrence modeling. 
 
Explanatory variables 
 
Thirty nine environmental variables related to climate, topography, land use 
characteristics and human influence were initially selected for analysis.  
The digital information about the climate and the type of soil was obtained from 
Atlas Digital do Ambiente (IA, 1995). All the topographical predictors used were 
derived from the Portuguese Digital Elevation Model (DEM: PT-TM06/ETRS89, 30 m, 
Faunalia).  
The land use information was obtained from CORINE Land Cover in 2006 
(Caetano et al., 2009).  The categories presented in the original data were grouped into 6 
categories: “Agricultural Areas”, “Agricultural areas with Shrubland”, “Shrubland”, 
“Montados”, “Other Forested Areas”, “Complex cultivation patterns” and “Orchards”. 
These represent the main habitat types present in the study area, excepting orchards 
which do not occupy a significant area, but were nevertheless included in the analysis, 
since they are known to be an important habitat for the species (Gil-Delgado et al., 
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2010). The CORINE Land Cover 2006 categories that correspond to these 6 categories, 
and the descriptions for each corresponding categories can be found in Table 1 
Variables related to roads were obtained through the shapefile of paved roads of 
Continental Portugal in 2005 (obtained from Estradas de Portugal, 2005). Information 
about bee hives, was based on data from the National Institute of Statistics for the 
number of hives per parish. 
Using the software Quantum GIS 1.6.0, with reference system PT-
TM06/ETRS89, digital information on each variable was superimposed over a UTM 
2x2km grid square layer. For the soil and land use variables, the proportions of each 
class on each square were taken into account. For these variables the classes 
representing less than 5% of the total area were excluded. Mean altitude and slope on 
each square were obtained through the DEM. For the climatic variables, since the 
original maps consisted of classes of value ranges, they were used as categorical 
variables. In this case the value assigned to each cell was the most represented class. 
Surrounding cells were analyzed when two classes constituted approximately half each 
of the total area of cell. 
Coordinates (X, Y) of the centroids of each grid cell were used to evaluate 
eventual spatial structuring of the data, thus accounting in a simple way for the 
existence of spatial autocorrelation. 
 
MATERIAL AND METHODS 
11 
 
Table 1. - Name of six used the categories found in the study area, as well as their corresponding categories in CORINE Land Cover 2006, and description
Categories CORINE Land Cover categories Correspondent habitat in the study area 
Agricultural areas 
(AGRS) 
2.1.1  Non-irrigated arable land    
2.1.2 Permanently irrigated land  Extensive areas with traditional rotation systems 
2.3.1  Pastures  and livestock uses, dominated by 
2.4.1 Annual crops associated with 
permanent crops 
herbaceous species. 
3.2.1 Natural grasslands    
Agricultural areas 
with shrubland 
(BOLS) 
2.4.3 Land principally occupied by 
agriculture, with significant areas of 
natural vegetation  
Areas with agricultural uses intermixed with scrubland areas forming a mosaic of 
this two types of habitat 
 
Other Forested 
Areas 
(FLOR) 
3.1.2 Coniferous forest  Recent forest plantations. Usually associated to the movement 
3.2.4 Transitional woodland-shrub  and modification of the surface relief of the soil 
"Montado" 
(MONT) 
2.4.4 Agro-forestry areas  Forest stands of traditional Mediterranean agro-silvo-pastoral system 
3.1.1 Broad-leaved forest  
 
Orchards 
(POM) 
2.2.1 Vineyards 
 
All types of orchards - including carob trees, vineyards, olive groves 
2.2.2 Fruit trees and berry plantations fruit trees and berry plantations 
2.2.3 olive groves 
 
Shrubland 
(MAT) 
3.2.3 Sclerophyllous vegetation 
Areas of abandoned cultivation of cereals, where the shrub and sub-shrub 
clearly dominates over all other land uses. These areas are dominated by cistus 
sp. Some disperse trees can be present. 
Complex 
cultivation 
patterns (SIST) 
2.4.2 Complex cultivation patterns 
Juxtaposition of small parcels with different agricultural uses. Usually located 
around villages 
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Data Analyses  
To model the presence / absence of Garden Dormouse, as a function of the 
explanatory variables, we performed a Generalized Linear Model (GLM) with Binomial 
distribution error and logit link function (Zuur et al., 2007). 
Previous to the analysis, explanatory variables were transformed to achieve 
normality and soften the effects of extreme values. Angular transformation was applied 
to proportions and log(X+1) transformation was used for the remaining continuous 
variables. The explanatory variables, their description, transformation applied and  
source of the data are represented on table 2. 
At first step, univariate GLMs were performed for each explanatory variable and 
only those with associated p-value< 0.05 were used in further analysis. After univariate 
screening, Spearman correlations were performed among all pairs of continuous 
independent variables, in order to reduce the amount of redundant information. For 
coefficient values above 0.7, the variable with lower performance in the univariate 
model (power p-value) was excluded from further analysis (Tabachnick & Fidell, 2001). 
With the variables defined in the previous stage a stepwise forward and 
backward procedure was used to select the best multivariate model, i.e., the one with the 
lowest AIC. To evaluate the fit of the obtained model, residuals were analised. 
All analysis were performed in Brodgar version 2.6.4 (Highland Statistics Ldt., 
2009) 
 
Table 2 – Explanatory variables, description, applied transformation and source of data 
Variable Description  
Transformation 
aplied  
information 
source 
TEMP 
Daily temperature - annual average values  
(15º to 16ºC  ; 16º to 17.5ºC  ;  greater than 17.5ºC) 
none 
ATLAS 
ambiente 
INSO 
Insolation - annual average values  
(2900 to 3000h; 3000 to 3100 h) 
none 
ATLAS 
ambiente 
RAD Global radiation -  annual average values  
( 155 to 160 Kcal/cm2 ;  160 e 165 Kcal/cm2) 
none 
ATLAS 
ambiente 
PREC 
Total rainfall - annual average values  
( 400 to 500mm  ;  500 to 600mm  ;  600to 700mm 
700 to 800mm ) 
none 
ATLAS 
ambiente 
EVAP 
Actual Evapotranspiration - annual average values  
(<400mm ; 400 to 450mm ; 450 to 500mm ; 500 to 
600 mm) 
None 
ATLAS 
ambiente 
HUM Relative humidity at 9.00 GMT - annual average None ATLAS 
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values  
( 65 to 70%  ;  70 to 75%  ;  75 to 80%  ;  80 to 85%) 
ambiente 
ACID 
Acidity and alkalinity of the soil - Classes of pH 
(in water) 
( 5.6 to 6.5  ;  5.6 to 6.5 + (6.6 to 7.3)  ;  6.6 to 
7.3;  6.6 to 7.3+(5.6to6.5); 6.6 to 7.3 + (7.4 to 
8.5); 7.4 to 8.5 ) 
none 
ATLAS 
ambiente 
RIOS Distance to the nearest water log (x + 1) 
ATLAS 
ambiente 
SLOP Slope (degrees of tilt) - average log (x + 1) 
DEM 
(Faunalia) 
ALT Average altitude (m) log (x + 1) 
DEM 
(Faunalia) 
ASPE 
Aspect - direction of the slope (representing the 
number of degrees east) 
log (x + 1) 
DEM 
(Faunalia) 
COL 
Number of hives  per administrative boundaries 
within each county 
log (x + 1) 
National 
Institute of 
Statistics  
COLF 
Actual number of hives per administrative 
boundaries within each county 
log (x + 1) 
National 
Institute of 
Statistics  
IET Road perimeter log (x + 1) 
"Estradas de 
Portugal" 
IE Main roads perimeter log (x + 1) 
"Estradas de 
Portugal" 
Ett Distance to the nearest road log (x + 1) 
"Estradas de 
Portugal" 
ET Distance to the nearest main road log (x + 1) 
"Estradas de 
Portugal" 
CASC 
Proportion of gravel, arcs of “Beira Baixa”, 
sandstones, limestones 
arcsen 
ATLAS 
ambiente 
DIG Proportion of diorite or gabbro arcsen 
ATLAS 
ambiente 
GRA Proportion of Granites and related rocks arcsen 
ATLAS 
ambiente 
MET Proportion of metavolcanic rocks arcsen 
ATLAS 
ambiente 
RCAB Proportion of carbonate rocks arcsen 
ATLAS 
ambiente 
XARG Proportion of clay shale, greywacke, sandstone arcsen 
ATLAS 
ambiente 
XGRV Proportion of  shale, greywacke arcsen 
ATLAS 
ambiente 
XQTZ Proportion of  shale, quartzites, amphibolites arcsen 
ATLAS 
ambiente 
AGRS Proportion of Agricultural areas  arcsen 
CORINE land 
Cover 2006 
BOLS Proportion of Agricultural area with Shrubland arcsen CORINE land 
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Cover 2006 
POM Proportion of Orchards arcsen 
CORINE land 
Cover 2006 
SIST Proportion of complex cultivation patterns arcsen 
CORINE land 
Cover 2006 
MONT Proportion of "Montado" arcsen 
CORINE land 
Cover 2006 
FLOR Proportion of Forested Areas arcsen 
CORINE land 
Cover 2006 
MAT Proportion of Shrubland areas arcsen 
CORINE land 
Cover 2006 
 
Considering the multivariate model obtained, for the presence of Eliomys 
quercinus in the study area, the probability of occurrence was calculated for each of the 
2x2km UTM cells. The results were grouped in five categories of probability (0-0.3; 
0.3- 0.5; 0.5-0.7; 0.7-0.9; 0.9- 1) and a map of  the probability of occurrence of Eliomys 
quercinus in the study area was constructed.  
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Results 
 
General Results 
 
 We performed 420 questionnaires to local people with different professions. The 
characterization of the interviewees, by main professional activity is represent in Fig 2. 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – Proportion of interviewees by main activity sector 
 
The 420 questionnaires resulted in 226 possible sightings, and 287 absences. 18 
of the 226 possible sightings were not located on the map by the person interviewed and 
five were classified as non-valid, thus giving a total of 211 valid locations that were 
analyzed in the present study. 
 Of the 287 absences, 34 were not located by interviewees, resulting in 253 
absences located. 
After overlapping the grid square layer with the locations given by the 
interviewees 175 squares with absences and 155 with presences were obtained (Fig. 3). 
 
RESULTS 
16 
 
 
Fig. 3 – UTM 2x2km grid square layer of the sampled area showing the distribution of absence 
and presence  of Eliomys quercinus obtained by the questionnaires 
 
 The distribution of the sampled squares it’s represented in Fig.3 where it can be 
seen that the PNVG territory and contiguous areas were sampled more intensively. The 
West and Northwest area were the least sampled due to time constraints.  Concerning 
the results of the occurrence of the species, there is a clear clustering of presences in the 
South, with a notable transition zone just above the northern boundary of the Park. 
 Through the analysis of the questionnaires, it was also possible to verify, that in 
57% of the sightings, Eliomys quercinus was using some kind of structure for shelter or 
nesting, such as “trees”, “stones or wood pellets”, “hives”, “burrows” or “other 
structures” like partridge feeders, henneries, clusters of boxes or other materials and 
Protective tubes for tree growth and even houses. Only 8.5% of the sightings occurred 
on roads, with the majority of individuals being observed while crossing the road or 
        No data 
        Absence 
        Presence 
        PNVG limits 
        Portugal limits 
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road killed. The remaining sightings (35%) occurred mainly on the ground in the field, 
although, in many cases, the structures mentioned above were available in close 
proximity to the site where the observation occurred.  
 About 29% of the observations showed the utilization of structures as nesting 
sites (since the species was sighted in the nest), while the remaining 27% occurred in 
places used as potential shelter (Table 3). Concerning the nesting places, the hives 
(15%) and “other structures”(9%) were the structures where the higher number of 
sightings occurred. For the structures used only for shelter the higher number of 
sightings took place in “other structures” (12% of the locations), followed by “Trees” 
and “stones or wood clusters” with 5.66% and 5.19% of the locations, respectively. 
 The number of individuals observed simultaneously also showed some 
differences according to the place of the observations. Thus, only in the nests sightings 
were detected more than two individuals, while in others places (including the roads) 
the most common situation was the record of a single individual. Only occasionally two 
individuals were observed simultaneously. 
  
 
Table 3 – Number and percentage of observations by type of structure used for probable nesting 
or shelter. Other structures include partridge feeders, hennery, clusters of boxes or other 
materials and Protective tubes for tree growth or even houses 
 
Probable use Type of structure 
Number of 
Sightings 
Percentage 
Nesting 
(29.24%) 
Hives 32 15.09% 
Trees 7 3.30% 
Stones or wood pellets 3 1.42% 
Other structures 20 9.43% 
 Shelter 
(27.36%) 
Hives 5 2.36% 
Trees 12 5.66% 
Stones or wood pellets 11 5.19% 
burrows 4 1.89% 
Other structures 26 12.26% 
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Modeling species occurrence 
 
The variables “proportion of sand and gravel “(AR), “proportion of sands, stony, 
little consolidated sands, clays “(ARCL), “proportion of sandstones, more or less marly 
limestone, sand, gravel, clay” (ARNT), “Proportion of dolerite” (DOL) , “Proportion of 
Gabbro” (GAB) , “Proportion of "Quartose porphyry"”( POQZ) e “Proportion of 
"Quartzodiorites"” (QTZ) were poorly represented in the analyzed sample (less than 5% 
of cases), and were therefore excluded from the analysis.  
The following pairs of variables were collinear: EVAP/PREC (r= 0.7365), 
INS/RAD (r=0.81156), COL /COLF (r = 0.93192); IE/ET (r = -0.74118) and IET/ 
Ett,(r= -0.7758). From these five sets, only the variables with most significant p-value 
on univariate GLM’s were used for later analysis (PREC, RAD, COL and IET).  
The results of univariate GLM’s for each explanatory variable are represented on 
Table 4. Only variables that were significant at a 0.05 p-value were considered for 
further model development. This Table also shows the proportion of Presence and 
Absence cells for each class, for categorical variables; and average and standard 
deviation of Presence and Absence cells for continues variables. The analyses of the 
data for the categorical variables must be done carefully as the proportion presented 
does not have into account the proportion of each class in the entire study area.  
The unimodal effect was tested for the continuous variables, but none of the 
variables testes presented a lower AIC than the non transformed variables, so only linear 
effects were considered in all models (Annex 3). 
According to the results obtained with univariate GLM’s, the probability of 
occurrence of Eliomys quercinus increases with slope (SLOP), the number of hives 
(COL), the proportion of clay shale, greywacke, sandstone (XARG), and the presence of 
“Agricultural area with Shrubland” (BOLS), “Other forested areas” (FLOR); Shrubland 
areas (MAT) and in areas with moderate acid soils (ACID – 5.6 to 6.5 ) (although only 
Class PH=10 is significantly different from the base value (PH=5)); while it decreases 
with the longitude (Y), average altitude (ALT), road perimeter (IET), the proportion of 
diorite or gabbro (DIG) and the proportion of granites and related rocks (GRA), the 
proportion of Agricultural areas (AGRS), Orchards (POM) and “Montado” (MONT).  
Concerning climatic variables the presence of the species is promoted in warmer 
areas (TEMP – 16 to 17.5° and  higher than 17.5 ° ) with lower levels of radiation (RAD 
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– 155 to 160 kcal/cm2 ), precipitation (PREC – 400 to 500mm ) and humidity (HUM – 
65 to 75% )  
 
 
Table 4 – Univariate models results showing the signal of the influence; significance (p-value);   
proportion of  presences (P) and absences (A) for each class (for categorical variables) and 
average and standard deviation (for continuous variables).  
In categorical variables the value of the first class is not represented since is the reference class.  
TEMP-temperature; INSO-insolation; RAD-radiation; PREC-rainfall; EVAP-
evapotranspiration; HUM-humidity; ACID-acidity of the soil; X-latitude; Y-longitude; RIOS-
distance to nearest water; SLOP-slope; ALT-altitude; ASPE-aspect; COL-number of hives; 
COLf- actual number of hives; IET-road perimeter; IE-main roads perimeter; Ett-distance to 
nearest road; ET- distance to nearest main road; CASC- gravel; DIG- diorite; GRA- granite; 
MET- metavolcanic rocks; RCAB-carbonate rocks; XARG-clay shale; XGRV-shale, 
greywacke; XQTZ-chale, quartzites; AGRS-agricultural areas; BOLS-agricultural areas with 
shrubland; POM-orchards; SIST-complex cultivation patterns; MONT-“montado”; FLOR-
forested areas; MAT.shrubland areas  
 
Variables  signal p-value P A 
TEMP                     15 to 16°   
0.354 
  
0.097     
16 to 17.5° + 1.74E-08 0.411   
0.703 
 
  
> 17.5 ° + 0.00228 0.234   
0.200     
INSO                2900 to 3000h   
0.371 
  
0.432     
3000 to 3100 h  - 0.261 0.629   
0.568     
RAD      155 to 160 kcal/cm2  
 0.423 
  
0.594     
160 to 165kcal/cm2 - 0.00207 0.577   
0.406     
PREC              400 to 500mm     
0.177 
  
0.471     
  500 to 600mm  - 2.9E-07 0.720   
0.510 
 
  
 600 to 700mm - 0.000141 0.091   
0.019 
 
  
700 to 800mm  - 0.980288 0.011   
0.000     
EVAP                    <400 mm   
0.120 
  
0.406     
400 to 450 mm - 9.02E-08 0.806   
0.594 
 
  
450 to 500 mm - 0.981 0.063   
0.000 
 
  
500 to 600 mm - 0.992 0.011   
0.000     
HUM                      65 to 70%    
0.017 
  
0.026     
70 to 75%  + 0.0901 0.063   
0.387 
 
  
    75 to 80%  - 0.335 0.806   
0.574 
 
  
80 to 85% - 0.015 0.114   
0.013     
ACID                       5.6 to 6.5    
0.594 
  
0.994     
5.6 to 6.5 +( 6.6 to 7.3)  - 0.99672 0.011   
0.000 
 
  
6.6 to 7.3  - 0.98888 0.131   
0.000 
 
  
6.6 to 7.3+(5.6to6.5 ) - 0.02984 0.040   
0.006 
 
  
6.6 to 7.3 + (7.4 to 8.5) - 0.99164 0.074   
0.000 
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7.4 to 8.5  - 0.98818 0.149   
0.000     
X - 0.113       
Y - 0.000       
RIOS + 0.461 783.121 ± 547.478 751.7528 ± 567.3825 
SLOP + 0.000 4.350 ± 1.686 3.609 ± 1.389 
ALT - 0.000 157.782 ± 50.115 176.525 ± 46.658 
ASPE - 0.299 180.791 ± 19.745 183.500 ± 22.008 
COL + 0.000 463.568 ± 633.774 147.154 ± 613.205 
COLF + 0.000 14.065 ± 11.402 5.029 ± 7.455 
IET - 0.031 492.550 ± 889.852 596.661 ± 858.166 
IE - 0.751 118.795 ± 464.387 125.838 ± 448.117 
Ett + 0.105 7726.222 ± 5073.670 6456.273 ± 4330.861 
ET + 0.093 3177.219 ± 2634.071 2802.139 ± 2541.814 
CASC - 0.159 0.000 ± 0.002 0.108 ± 0.276 
DIG - 0.028 0.004 ± 0.054 0.082 ± 0.236 
GRA - 0.045 0.005 ± 0.061 0.050 ± 0.188 
MET + 0.258 0.021 ± 0.096 0.012 ± 0.055 
RCAB - 0.980 0.000 ± 0.000 0.048 ± 0.157 
XARG + 0.000 0.742 ± 0.407 0.237 ± 0.387 
XGRV - 0.984 0.000 ± 0.000 0.140 ± 0.281 
XQTZ - 0.687 0.219 ± 0.402 0.242 ± 0.414 
AGRS - 0.003 0.320 ± 0.291 0.423 ± 0.312 
BOLS + 0.000 0.177 ± 0.233 0.024 ± 0.092 
POM - 0.000 0.018 ± 0.083 0.128 ± 0.231 
SIST - 0.843 0.010 ± 0.057 0.012 ± 0.043 
MONT - 0.000 0.162 ± 0.242 0.312 ± 0.308 
FLOR + 0.000 0.226 ± 0.245 0.063 ± 0.126 
MAT + 0.000 0.068 ± 0.127 0.018 ± 0.069 
 
 
 
Multivariate analysis 
The best multivariate model (with the lowest AIC) includes the variables HUM, 
PREC, TEMP, ACID, POM, AGRS e FLOR (Table 5). 
Thus, the presence of Eliomys quercinus is promoted in warmer areas with lower 
levels of precipitation and humidity, acid soils and presence of “Agricultural areas”, 
“Orchards” and “other Forested areas” (AGRS, POM, FLOR). 
 
Table 5 – Variables included in the best multivariate model showing the signal of influence and 
p-value. In categorical variables the value of the first class is not represented since is the 
reference class. Y-longitude; AGRS-agricultural areas; POM-orchards; FLOR-forested areas; 
TEMP-temperature; PREC-precipitation; HUM-humidity; ACID-soil acidity 
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Variable Signal p-value 
(Intercept) - 1.30E-06 
Y - 8.76E-06 
AGRS + 0.009708 
POM + 0.073418 
FLOR + 0.005084 
as.factor(TEMP)                    16 to 17.5° + 0.000145 
as.factor(TEMP)                         > 17.5 ° + 0.011607 
as.factor(PREC)                500 to 600mm 
 
as.factor(PREC)               600 to 700 mm 
as.factor(PREC)              700 to 800 mm 
- 
 
+ 
- 
0.002886 
 
0.896961 
0.997945 
as.factor(HUM)                       70 to 75% 
 
as.factor(HUM)                       75 to 80% 
as.factor(HUM)                       80 to 85% 
+ 
 
+ 
+ 
0.000223 
 
0.014061 
0.264947 
as.factor(ACID)  5.6 to 6.5 +( 6.6 to 7.3) 
 
as.factor(ACID)                        6.6 to 7.3  
as.factor(ACID )    6.6 to 7.3+(5.6to6.5 ) 
 
as.factor(ACID)  6.6 to 7.3 + (7.4 to 8.5) 
as.factor(ACID)                        7.4 to 8.5 
- 
 
- 
 
- 
- 
- 
0.998244 
 
0.992742 
 
0.571855 
0.994177 
0.991261 
 
 
Through the residuals analyses we verified that, although not ideal, there was no 
obvious pattern of the residuals invalidating the fit of the model. 
The model obtained explains 53,5% of the variance of Eliomys quercinus 
Presence/Absence data. 
 The construction, based in the model obtained, of the probability map for the 
occurrence of the species in the study area, allowed the correct classification of 86.8% 
of  the Absences and 87.1% of  the Presences. The map is present in Fig 4 
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Fig.4 – Distribution map (probability of occurrence) of Eliomys quercinus in the study area, 
according to the obtained model. 
 
  
 
 
 
 
 
 
 
 
         0 – 0.3 
0.3 – 0.5 
 0.5 – 0.7 
 0.7 – 0.9 
 0.9 – 1  
        PNVG limits 
         Portugal limits 
DISCUSSION 
23 
 
Discussion 
 
Garden dormouse surveys 
Ecological studies using questionnaires have increased over the last decade 
(White et al., 2005). Although the results are questionable and need special caution in 
its interpretation, questionnaires are suitable tools for approaching certain topics in 
ecology, such as species distribution, population trends  (Llaneza & Núñez-Quirós, 
2009) or large-scale studies (White et al., 2005).  
 If carefully planned, interpreted and controlled, studies using questionnaires can 
yield valuable results (Llaneza & Núñez-Quirós, 2009). Howerver, following the 
recommendations from White et al. (2005) some precautions have been taken in this 
study, in order to make results more reliable:  
- Use of closed-format questions, as this format results in less uncertainty than 
open-ended questions for researchers, and also for the interviewees 
- Assure sample size is sufficient to yield robust data 
- Use In-person interviews, as this reduces the biases related to low response rates 
and sampling 
 
Another constraint of this approach is the lack of experience of the interviewees, 
in Eliomys quercinus identification. With the purpose of preventing these type of bias, 
locations were considered valid, only when the interviewees identified two of the three 
most important species morphologic characteristics of the species simultaneously (black 
mask in the eyes, tail covered with fur and white at the end, right size). Additionally, 
only at the end of the description, the interviewees were asked to identify Eliomys 
quercinus among a variety of photographs of different species. 
Therefore, although the results must be analyzed with caution we believe our 
conclusions are reliable. 
 
Factors influencing Garden Dormouse occurrences 
 
According to our results, Eliomys quercinus presence decreases with longitude 
as noted in the interpretation of Fig.3, supporting the idea of the existence of a sudden 
breakdown of species distribution at the north of the Guadiana Natural Park. Thus, the 
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data presents a spatial structure that can lead to underestimation of variance and 
overestimation of the significance of explanatory variables effect (Legendre, 1993) 
Refuges, either for nesting or shelter, provide protection against predators, 
environmental conditions as well as security for the young, being a potentially limited 
resource (Bertolino & Montezemolo, 2007). Diverse authors (Patriarca & Debernardi, 
1997; Bertolino e Currado, 2001) refer the use of rocks and stones as refuges from 
predators and probably for nestling and hibernation by Eliomys quercinus. However, 
our results suggest that other structures besides rocks and stones are used. In fact, 
several interviewees  mentioned the use of hives, trees and houses. Results from models 
also show that Eliomys quercinus presence is strongly related with the presence of 
hives. In fact, these structures provide not only refuge but are also a food source for wax 
and honey, which are part of the diet of Garden Dormouse (Moreno, 2002). 
Regular observations of road-killed Eliomys quercinus (Carlos Carrapato & 
António Mira, personal observations) seem to demonstrate that the presence of roads 
may be a risk factor to the survival of this species. The low percentage of observations 
on or close to roads is probably due to the fact that few people drive at night, possibly 
biasing the results as Eliomys quercinus is mostly a nocturnal species.  
 
According to different authors, a dense rocky or stony cover (Andera 1986; 
Bertolino & Currado, 2001; Patriarca & Debernardi, 1997; Bertolino, 2003 and Le 
Louarn & Spitz, 1974) a well developed shrub layer (Bertolino & Currado 2001, 
Patriarca & Debernard, 1997; Bertolino, 2007) reduced and fragmented herbaceous 
layer ( Bertolino & Currado, 2001; Le Louarn & Spitz, 1974) and a younger and not too 
dense overstory with smaller trunk diameter trees (Patriarca & Debernardi, 1997; 
Bertolino & Currado, 2001; Bertolino, 2007) are favourable to the presence of Eliomys 
quercinus. The results of the univariate analysis obtained in this study support the 
references cited above as the presence of Eliomys quercinus in the study area is favored 
by the presence of mosaics of agricultural and scrubland areas, forest plantations  and 
scrubland areas, while large areas of agriculture are poorly occupied by the species.  
“Shrubland areas” provide protection from predators (Bertolino, 2007) as they 
present a well-developed shrub layer and some food resources. Besides, these areas are 
the most used for hives implementation, providing shelter, nesting site and food 
resources to this species. 
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In areas classified as “Agricultural areas with Shrubland”, a well developed 
shrub layer is often present, but in association with an herbaceous layer, forming a 
mosaic. Additionally to the benefits of the presence of shrubland, the herbaceous layer 
provides food, as these areas are often richer in insects and other food resources are 
(Bertolino, 2007). Despite its importance, the availability of refuges was not directly 
assessed in our models, as rock removal in agricultural plots of this type of mosaics is a 
traditional practice, contributing to the formations of stones and rocks clusters which 
can be used as refuge against predators or as previously referred as nesting sites by the 
Garden Dormouse. 
The creation and development of these “Agricultural areas with Shrubland” is 
associated with game management practices aiming to provide habitat for game, mainly 
wild rabbit. These areas are also of great importance for the conservation of the Iberian 
lynx (Lynx pardinus) and some important raptors species (Moreno et al., 2005-2008). 
Thus, game management and conservation of these species may also contribute, in a 
positive way, to the conservation of Eliomys quercinus. 
 The majority of “other Forested areas” in the study area are relatively recent 
plantations presenting young trees with small trunk diameter, often with shrub structure. 
These areas are usually associated with the mobilization of the soil and formation of  
ditches and ridges which can create potential refuges among exposed rocks if this 
mobilization occurs in shale soils, for example. Although there are some plantations of 
cork oak or/and holm oak this recent plantations are mainly of Pinus providing fruits, 
one of the most important food resource after insects, according to the work of Palacios 
(1974) in Doñana. It would be interesting to evaluate if older plantations continue to 
favor the presence of the species in areas with this type of land use, as some conditions 
that seems important to the occurrence of Eliomys quercinus may change through the 
maturation of these areas. 
  As mentioned in literature, extensive agricultural areas are unfavorable to the 
presence of Elimoys quercinus. This conclusion is supported by our results as the 
variable “Agricultural areas” is negatively related with the presence of the species. The 
reduced number of observations registered for these type of areas are mainly located in 
the West region of the study area, where this “agricultural areas” often show disperse 
refuge structures as stone or rocks clusters or small patches of shrubland. On the 
contrary, “agricultural areas” from the North region above PNVG limits are more 
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homogeneous and subjected to a more intensive culture thus providing few refugees as 
well as a higher level of disturbance. 
 Gil-Delgado (2006) refers that Eliomys quercinus is also present in orchards. 
Thus, it was expected that “Orchards” were favorable to the presence of the species. 
However, our results don’t confirm this hypothesis. This may be due to the fact that this 
category includes different types of orchards (vineyards, fruit trees, olive groves,) 
which, due to their specific characteristics, can be influencing Garden Dormouse 
occurrence in different ways. Concerning the fruit trees orchards that correspond mainly 
to carob or almond trees the presence of refuge (by the presence of shrubland) and food 
may be favorable to the presence of Eliomys quercinus. For vineyards and recent olive 
groves, which represent the most part of Orchards area in the study area, the absence of 
a shrub layer and the reduction of insects’ availability due to the higher use of 
agrochemicals, may be responsible for these results. 
 According to our models “Montado” (MONT) areas are also unfavorable to the 
presence of the Garden Dormouse. We believe that this result may be due to the reduced 
shrub layer existing in these areas. Moreover these areas are often subjected to a high 
rate of grazing which can influence negatively the presence of small mammals, and in 
this case of Eliomys quercinus by the disturbance caused as well as the modification of 
the vegetation. This may lead to a decreasing of food sources and of refuge (Schmidt & 
Olsen, 2003 ; Schimdt, Olsen & Leirs, 2009).   
The lithology of the study area presents three classes that are influencing the 
presence of Eliomys quercinus: clay shale (XARG), gabbros (DIG) and granites (GRA). 
The influence of these variables on Eliomys quercinus occurrence may be due to the 
type of vegetation and structuring of the soil they provide. In what concerns DIG, these 
areas correspond essentially to the “Barros” of Beja which are related to the large 
homogeneous “agricultural areas” from the northern region, already mentioned above. 
Thus these areas are influencing in a negative way the presence of the species. A similar 
explanation may be attributed to the granites results as the areas with this type of soil 
are mainly characterized by the occurrence of “Montado” or olive groves and although 
they often have some rocky cover, this doesn’t provide cavities that could be used as 
refuge.  
On the other hand, the proportion of XARG is positively related with the 
presence of Garden dormouse, as this type of soil is often associated with the land uses 
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that are most favorable to the presence of the species: “Shrubland”, “Agricultural areas 
with Shrubland” and “Other forested areas”. 
The preference for areas with moderate acid soils can also be explained based on 
the XARG variable and characteristics of the habitats associated, since this class of   
“Acidity and alkalinity of the soil” (ACID) in the study area is essentially derived from 
clay shale (Freitas, 1984) 
Another variable that is positively related with Garden Dormouse presence is 
“Slop” (SLOP). Once again this is probably related to the characteristics of the habitats. 
The areas with higher SLOP in the study area correspond to shrubland areas, with rocky 
and stony cover, providing good refuge conditions for the species. 
 Concerning the Altimetry (ALT), although this species can be found up to 
2000m above mean sea level (Moreno, 2002; Bertolino & Canestri-Trotti, 2005; 
Bertolino & Cordero Di Montezemolo, 2007) our results show that the presence of 
Eliomys quercinus decreases with altimetry. In fact the altimetry of the study area 
presents a short range of values with three main exceptions: “Serra de Alcaria”, “Serra 
Alvares” e “Serra da Adiça”. The probability of sighting Eliomys quercinus in these 
areas may be lower since these elevations are less intervened by man and characterized 
by thicker vegetation. Thus, it is possible that this fact is contributing for the results 
obtained. 
For the influence of climatic variables, the literature for Doñana refers a 
“comfort zone”, for which the activity is maximum, around 88% of humidity and 
temperatures between 14-15ºC (Moreno 2002). These conclusions are not supported by 
our results since the presence of the species in our study area is promoted in warmer 
areas with annual average daily temperature between 16º to 17.5ºC or even higher and 
relative humidity between 65 to 75%. Lower values of Radiation and Precipitation were 
also not expected to be related to the presence of Eliomys quercinus. 
Some of these unexpected results may be due to the fact that the data used to 
characterize climatic variables have poorer accuracy compared to the other variables 
used due to the large scale map from which they were derived. So, more studies or more 
detailed climatic data are needed to understand the real influence of climate on Eliomys 
quercinus presence.  
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The global multivariate model shows that although the above constraints, 
climatic variables were important to describe the occurrence of Eliomys quercinus. 
When considered in the model, the variables POM e AGRS changed the signal. This 
can be caused by model overparametization, variable interactions or both meaning that 
the interpretation of the effect of these variables is ambiguous and may depend on the 
values of other variables. Thus results concerning these variables must be interpreted 
with caution 
 
Distribution of the Garden Dormouse in the study area 
 
The distribution map obtained, based on the probability of the presence of 
Eliomys quercinus, shows that the species seems to be present on the majority of PNVG 
area with a higher concentration of presences on the West/Southwest region. Only the 
Northern areas of the PNVG seem to be unfavorable the species occurrence. Concerning 
the gobal study area it is possible to perceive a spatial pattern showing a decrease in 
species probability of occurrence towards North. In fact, the central South region is a 
core area to the presence of Garden Dormouse, bounded by a short transition zone, to an  
area of absence or drastic decrease of the species occurrence in the North. There are also 
two other small cores of higher probability of occurrence: one is located in Southwest 
and the other on the central East of the global study area. 
When the Garden Dormouse distribution map is overlapped with the original 
maps from which explanatory variables were derived,   the layer presenting the most 
notorious concordance with the distribution pattern observed for the occurrence of 
Eliomys quercinus is land uses where the areas with higher probability of occurrence are 
more coincident  with “Agricultural areas with Shrubland” and/or “Other Forested 
areas” 
 
   
Conclusions 
 
The presence of the Garden Dormouse is influenced by different types of 
variables including land uses, soil types, climatic factors, although these need to be 
evaluated with more accurate data.   
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Several results suggest the importance of refuges for the species occurrence. 
This may be a key-factor influencing species distribution. However, further and more 
directed studies linking the existence of refuge structures with the species presence 
evaluated through live captures are needed in order to confirm this hypothesis.  
An impressive result is the short transition belt that splits the occurrences from 
absences regions. In fact in less than 5 to 10 km the potential for the occurrence of the 
species changes from less than 30 % to more than 70%. This marked difference 
deserves further investigation using more detailed data and different approaches that 
should include population effects of the different types of variables used in our study. 
Our results also show that the Guadiana Natural Park territory, the main 
protected area in the study region is highly favorable for Eliomys quercinus, as well as 
the area south to the park.  This shows that management practices that have been 
applied and allowed in the PNVG territory are of an extreme relevance for the 
maintenance of Elimoys quercinus populations in the region. Thus, the opportunity to 
preserve the remaining populations of the species in southern Portugal must not be 
neglected. 
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Annex 
 
Annex 1 – IUCN Criterion A for status classification 
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Annex 2 – Questionnaire  
Nome: 
Profissão: 
Residência: 
 
Corpo:  Tamanho   
Pequeno  
Médio  
  Grande 
 Cor  
   Ventre   Dorso 
  Branco 
  Castanho 
  Cinzento 
 
 
Cabeça: Orelhas 
  Salientes /Empinadas    Pontiagudas 
  encostadas     Arredondadas 
 
 Focinho/cara 
  Todo da mesma cor 
  Várias cores     cores:__________ 
  
  Descrição das manchas ___________________________________ 
 
 
Cauda:  Com muito pêlo 
 Pelada 
      Cor:____________ 
 Ponta é larga 
 Ponta é estreita  
 
 
Indicar qual a fotografia se parece mais com a espécie: 
__ 
 
Últimas vezes que viu um:  Ano_________________________________________    
Mês/estação _________________________________ 
Local: ___________________________________________________________ 
________________________________________________________________ 
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1 
6 5 
4 3 
2 
8 
7 
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Onde estava:                  local 2                    local 3  
 Árvore     
 Aglomerado de pedras  
 Rochas 
 Terra/toca 
 Muro de pedra 
 Muro de terra 
 Estrada  
 Ninho 
 Colmeia 
 Aglomerado de lenha  
Outra: __________________ 
 
Existe perto:   
 Árvore     
 Aglomerado de pedras    
 Rochas 
 Terra/toca 
 Muro de pedra 
 Muro de terra 
 Estrada  
 Ninho 
 Colmeia 
 Aglomerado de lenha  
Outra: __________________ 
 
 
 
Vegetação:        Zona Agrícola  
  Montado 
  Projecto ______ ______ ________ ________ 
  Mato 
Pomar    
  Horta 
 
Quantos indivíduos viu   __       __ __ __ 
 
Evolução: Aumentou anos____ 
  Diminuiu        anos____ 
  Constante 
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TEMP RAD PREC INSO HUM EVAP ACID RIOS SLOP MDT ASPE COL COLf IET IE ET Ett CASC DIG GRA MET RCAB XARG XGRV XQTZ AGRC AGRS BOLS POM SIST MONT FLOR MAT
TEMP 1 0,619 -0,294 0,622 0,383 -0,409 0,117 -0,006 0,210 0,133 0,106 0,177 0,163 0,078 -0,128 0,157 -0,084 -0,171 -0,053 0,089 0,036 0,210 -0,057 0,256 -0,047 -0,237 -0,286 0,101 0,207 0,168 0,007 -0,012 0,055
RAD 0,619 1 0,086 0,812 0,562 0,003 0,280 -0,160 0,121 0,135 0,149 0,025 0,007 0,049 -0,138 0,200 -0,036 -0,053 0,183 0,172 -0,073 0,203 -0,459 0,187 0,234 -0,360 -0,214 -0,248 0,253 0,082 0,313 -0,114 -0,197
PREC -0,294 0,086 1 -0,079 -0,050 0,737 0,244 -0,127 -0,375 0,099 0,103 -0,267 -0,347 0,016 0,081 -0,041 0,036 0,238 0,110 0,329 -0,078 0,052 -0,299 -0,061 0,040 0,021 0,245 -0,403 0,191 -0,134 0,105 -0,180 -0,253
INSO 0,622 0,812 -0,079 1 0,601 -0,150 0,200 -0,115 0,343 -0,147 0,151 0,235 0,232 0,032 -0,101 0,092 -0,031 -0,094 0,171 0,155 -0,011 0,162 -0,331 0,135 0,169 -0,341 -0,299 -0,053 0,195 0,069 0,201 -0,086 0,067
HUM 0,383 0,562 -0,050 0,601 1 -0,073 0,356 -0,108 0,153 -0,025 0,099 -0,278 -0,255 0,069 -0,028 -0,051 -0,087 0,086 0,078 0,063 0,046 0,206 -0,596 0,395 0,228 -0,196 -0,050 -0,225 0,323 0,141 0,168 -0,278 -0,028
GEAD -0,217 -0,323 0,014 -0,337 -0,575 0,038 -0,389 0,029 0,110 0,010 -0,129 0,335 0,412 -0,171 -0,019 0,032 0,239 -0,192 -0,142 -0,109 -0,084 -0,116 0,444 -0,277 0,027 0,002 -0,125 0,183 -0,243 -0,046 -0,073 0,393 -0,014
EVAP -0,409 0,003 0,737 -0,150 -0,073 1 0,259 -0,058 -0,337 0,136 0,058 -0,300 -0,338 0,047 0,092 -0,032 0,022 0,215 0,095 0,273 -0,068 0,089 -0,287 -0,050 0,023 0,011 0,236 -0,407 0,187 -0,164 0,106 -0,116 -0,247
ACID 0,117 0,280 0,244 0,200 0,356 0,259 1 0,004 -0,241 0,269 -0,090 -0,423 -0,408 0,231 0,010 -0,127 -0,268 0,424 0,275 0,103 -0,034 0,346 -0,486 0,463 -0,281 0,049 0,193 -0,238 0,561 -0,035 -0,130 -0,311 -0,186
RIOS -0,006 -0,160 -0,127 -0,115 -0,108 -0,058 0,004 1 -0,109 0,136 -0,133 0,041 0,039 0,015 0,012 -0,039 0,033 0,104 0,000 -0,077 0,036 0,003 0,113 -0,026 -0,132 0,193 0,149 0,062 0,036 -0,017 -0,201 0,069 -0,043
SLOP 0,210 0,121 -0,375 0,343 0,153 -0,337 -0,241 -0,109 1 -0,553 0,000 0,430 0,454 -0,203 -0,149 0,099 0,250 -0,266 -0,017 -0,131 0,053 -0,019 0,065 -0,045 0,208 -0,342 -0,525 0,334 -0,141 -0,013 -0,016 0,357 0,542
MDT 0,133 0,135 0,099 -0,147 -0,025 0,136 0,269 0,136 -0,553 1 -0,039 -0,369 -0,294 0,103 -0,012 0,052 -0,098 0,092 -0,044 0,098 -0,071 0,240 -0,183 0,233 -0,057 0,041 0,224 -0,338 0,264 0,095 0,073 -0,132 -0,455
ASPE 0,106 0,149 0,103 0,151 0,099 0,058 -0,090 -0,133 0,000 -0,039 1 -0,035 -0,063 0,046 0,088 -0,059 -0,065 -0,087 0,018 0,113 0,013 -0,025 -0,082 -0,017 0,122 -0,147 -0,111 -0,064 -0,039 0,008 0,190 -0,025 -0,022
COL 0,177 0,025 -0,267 0,235 -0,278 -0,300 -0,423 0,041 0,430 -0,369 -0,035 1 0,932 -0,109 -0,116 0,136 0,114 -0,248 -0,047 -0,157 0,000 -0,161 0,503 -0,302 -0,038 -0,047 -0,250 0,362 -0,341 -0,104 -0,093 0,352 0,294
COLf 0,163 0,007 -0,347 0,232 -0,255 -0,338 -0,408 0,039 0,454 -0,294 -0,063 0,932 1 -0,112 -0,102 0,061 0,136 -0,263 -0,061 -0,135 -0,071 -0,146 0,471 -0,245 -0,008 -0,099 -0,305 0,359 -0,342 -0,045 -0,045 0,387 0,294
IET 0,078 0,049 0,016 0,032 0,069 0,047 0,231 0,015 -0,203 0,103 0,046 -0,109 -0,112 1 0,447 -0,346 -0,776 0,150 0,035 0,069 -0,013 0,069 0,007 0,180 -0,246 0,126 0,143 -0,029 0,186 -0,037 -0,140 -0,182 -0,074
IE -0,128 -0,138 0,081 -0,101 -0,028 0,092 0,010 0,012 -0,149 -0,012 0,088 -0,116 -0,102 0,447 1 -0,741 -0,389 -0,019 0,037 0,044 0,006 -0,003 0,040 -0,042 -0,100 0,040 0,070 -0,049 -0,009 0,014 -0,035 -0,082 -0,017
ET 0,157 0,200 -0,041 0,092 -0,051 -0,032 -0,127 -0,039 0,099 0,052 -0,059 0,136 0,061 -0,346 -0,741 1 0,434 0,006 -0,132 -0,057 0,001 -0,023 -0,043 -0,036 0,248 -0,070 -0,076 0,006 -0,010 -0,022 0,098 0,076 -0,030
Ett -0,084 -0,036 0,036 -0,031 -0,087 0,022 -0,268 0,033 0,250 -0,098 -0,065 0,114 0,136 -0,776 -0,388 0,434 1 -0,158 -0,039 -0,085 -0,043 -0,059 -0,058 -0,167 0,343 -0,211 -0,234 0,035 -0,175 0,049 0,158 0,273 0,082
CASC -0,171 -0,053 0,238 -0,094 0,086 0,215 0,424 0,104 -0,266 0,092 -0,087 -0,248 -0,263 0,150 -0,019 0,006 -0,158 1 -0,040 -0,005 -0,053 -0,024 -0,236 -0,060 -0,143 0,238 0,318 -0,126 0,227 -0,028 -0,163 -0,165 -0,102
DIG -0,053 0,183 0,110 0,171 0,078 0,095 0,275 0,000 -0,017 -0,044 0,018 -0,047 -0,061 0,035 0,037 -0,132 -0,039 -0,040 1 -0,008 -0,048 0,010 -0,212 -0,046 -0,130 0,154 0,217 -0,106 0,059 -0,030 -0,097 -0,113 -0,092
GRA 0,089 0,172 0,329 0,155 0,063 0,273 0,103 -0,077 -0,131 0,098 0,113 -0,157 -0,135 0,069 0,044 -0,057 -0,085 -0,005 -0,008 1 -0,040 -0,036 -0,180 -0,040 -0,105 -0,074 -0,031 -0,076 0,043 -0,041 0,144 -0,114 -0,075
MET 0,036 -0,073 -0,078 -0,011 0,046 -0,068 -0,034 0,036 0,053 -0,071 0,013 0,000 -0,071 -0,013 0,006 0,001 -0,043 -0,053 -0,048 -0,040 1 -0,045 -0,066 0,021 -0,091 0,086 0,048 0,079 -0,046 0,005 -0,113 0,039 0,053
RCAB 0,211 0,203 0,052 0,162 0,206 0,089 0,346 0,003 -0,019 0,240 -0,025 -0,161 -0,146 0,069 -0,003 -0,023 -0,059 -0,024 0,010 -0,036 -0,045 1 -0,202 0,173 -0,119 -0,082 -0,022 -0,104 0,431 -0,044 -0,069 -0,138 -0,055
XARG -0,057 -0,459 -0,299 -0,331 -0,596 -0,287 -0,486 0,113 0,065 -0,183 -0,082 0,503 0,471 0,007 0,040 -0,043 -0,058 -0,236 -0,212 -0,180 -0,066 -0,202 1 -0,303 -0,509 0,181 -0,070 0,419 -0,301 -0,089 -0,269 0,288 0,215
XGRV 0,256 0,187 -0,061 0,135 0,395 -0,050 0,463 -0,026 -0,045 0,233 -0,017 -0,302 -0,245 0,179 -0,042 -0,036 -0,167 -0,060 -0,046 -0,040 0,021 0,173 -0,303 1 -0,179 -0,117 -0,027 -0,154 0,324 -0,021 0,039 -0,175 -0,118
XQTZ -0,047 0,234 0,040 0,169 0,228 0,023 -0,281 -0,132 0,208 -0,057 0,122 -0,038 -0,008 -0,246 -0,100 0,248 0,343 -0,143 -0,130 -0,105 -0,091 -0,119 -0,509 -0,179 1 -0,315 -0,204 -0,191 -0,153 0,143 0,428 0,035 -0,008
AGRC -0,237 -0,360 0,021 -0,341 -0,196 0,011 0,049 0,193 -0,342 0,042 -0,147 -0,047 -0,099 0,126 0,040 -0,070 -0,211 0,238 0,154 -0,074 0,086 -0,082 0,181 -0,117 -0,315 1 0,8317 0,264 -0,212 -0,122 -0,562 -0,325 -0,094
AGRS -0,286 -0,214 0,245 -0,299 -0,050 0,236 0,193 0,149 -0,525 0,224 -0,110 -0,250 -0,305 0,143 0,070 -0,076 -0,234 0,318 0,217 -0,031 0,048 -0,022 -0,070 -0,027 -0,204 0,832 1 -0,305 -0,115 -0,110 -0,385 -0,347 -0,252
BOLS 0,101 -0,248 -0,403 -0,053 -0,225 -0,407 -0,238 0,062 0,334 -0,338 -0,064 0,362 0,359 -0,029 -0,049 0,006 0,035 -0,126 -0,106 -0,076 0,079 -0,104 0,419 -0,154 -0,191 0,264 -0,305 1 -0,171 -0,016 -0,314 0,052 0,297
POM 0,207 0,253 0,191 0,195 0,323 0,187 0,561 0,036 -0,141 0,264 -0,039 -0,341 -0,342 0,186 -0,009 -0,010 -0,175 0,227 0,059 0,043 -0,046 0,431 -0,301 0,324 -0,153 -0,212 -0,115 -0,171 1 0,012 -0,187 -0,215 -0,127
SIST 0,168 0,082 -0,134 0,069 0,141 -0,164 -0,035 -0,017 -0,013 0,095 0,008 -0,104 -0,045 -0,037 0,014 -0,022 0,050 -0,028 -0,030 -0,041 0,005 -0,044 -0,089 -0,021 0,143 -0,122 -0,110 -0,016 0,012 1 -0,016 -0,027 -0,075
MONT 0,007 0,313 0,105 0,201 0,168 0,106 -0,130 -0,201 -0,016 0,073 0,190 -0,093 -0,045 -0,140 -0,035 0,098 0,158 -0,163 -0,097 0,144 -0,113 -0,069 -0,269 0,039 0,428 -0,562 -0,385 -0,314 -0,187 -0,016 1 -0,219 -0,192
FLOR -0,012 -0,114 -0,180 -0,086 -0,278 -0,116 -0,311 0,069 0,357 -0,132 -0,025 0,352 0,387 -0,182 -0,082 0,076 0,273 -0,164 -0,113 -0,114 0,039 -0,138 0,288 -0,175 0,035 -0,325 -0,347 0,052 -0,215 -0,027 -0,219 1 0,013
MAT 0,055 -0,197 -0,253 0,067 -0,028 -0,247 -0,186 -0,043 0,542 -0,455 -0,022 0,294 0,294 -0,074 -0,017 -0,030 0,082 -0,102 -0,092 -0,075 0,053 -0,055 0,215 -0,118 -0,008 -0,094 -0,252 0,297 -0,127 -0,075 -0,192 0,013 1
Annex 3 - Spearman Correlation between the independent variables 
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LEG: TEMP-temperature; INSO-insolation; RAD-radiation; PREC-rainfall;EVAP-evapotranspiration; HUM-humidity; ACID-acidity of the soil;RIOS-
distance to nearest water; SLOP-slope; ALT-altitude; ASPE-aspect; COL-number of hives; COLf- actual number of hives; IET-road perimeter; IE-main roads 
perimeter; Ett-distance to nearest road; ET- distance to nearest main road; CASC- gravel; DIG- diorite; GRA- granite; MET- metavolcanic rocks; RCAB-
carbonate rocks; XARG-clay shale; XGRV-shale, greywacke; XQTZ-chale, quartzites; AGRS-agricultural areas; BOLS-agricultural areas with shrubland; 
POM-orchards; SIST-complex cultivation patterns; MONT-“montado”; FLOR-forested areas; MAT.shrubland areas  
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Annex 3 – Test for unimodal effect of the variables 
 
Variables 
X X+X
2 
β p-value AIC β p-value AIC 
X -9.86E-06 0.113 457.72       
Y -1.16E-04 <2e-16 279.62       
TEMP                  15 to 
16°             
16 to 17.5  1.8338 1.74E-08 
423.66 
      
>17.5  1.1395 0.00228       
INSO          2900 to 
3000h 
  
        
3000 to 3100h -0.25345 0.261 459       
RAD  155 to 160 
kcal/cm2     
450.64 
      
 160 to 164 kcal/cm2 -0.6897 0.00207       
PREC          400 to 
500mm     
424.61 
      
500 to 600mm -1.3233 2.90E-07       
600 to 700mm -2.5304 0.000141       
700 to 800mm -15.4225 0.980288       
HUM                 65 to 
70%             
70 to 75% 1.4088 0.0901 
399.18 
      
75 to 80% -0.7478 0.335       
80 to 85% -2.5903 0.015       
ACID                   5.6 to 
6.5             
5.6 to 6.5 + (6.6 to 7.3) -18.9586 0.99672 
365.94 
      
6.6 to 7.3 -18.9586 0.98888       
6.6 to 7.3 + (5.6 to 6.5) -2.3385 0.02984       
6.6 to 7.3 + (7.4 to 8.5) -18.9586 0.99164       
7.4 to 8.5 -18.9586 0.98818       
RIOS 0.1701 0.461 459.72 0.02951 0.459 459.71 
SLOP 4.1082 1.51E-05 439.99 1.671 1.98E-05 440.45 
MDT -3.2057 0.000255 445.7 -0.5945 0.00028 446.02 
ASPE -2.2700 0.299 459.18 -0.4218 0.289 459.13 
COL 1.2312 < 2e-16 359.21 0.27378 2.54E-16 367.4 
COLF 2.9512 5.67E-15 366.93 1.0941 1.00E-14 369.59 
IET -0.16269 0.0307 455.52 -0.0355 0.0463 456.24 
IE -0.04002 0.751 460.16 -0.00912 0.767 460.18 
Ett 0.3599 0.1051 457.56 0.04978 0.1148 457.74 
ET 0.4325 0.0933 457.3 0.05927 0.0753 457.01 
CASC -58.9891 0.159 417.26 -57.112 0.166 417.24 
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DIG -5.30441 0.0282 439.11 -2.69993 0.0532 441.34 
GRA -3.09586 0.045 450.32 -1.4797 0.0688 451.3 
MET 1.6585 0.258 458.87 1.2487 0.224 458.49 
RCAB -1.37E+03 0.98 430.97 -1.38E+03 0.982 430.97 
XARG 1.7081 < 2e-16 356.13 0.65976 < 2e-16 356.78 
XGRV -379.004 0.984 396.9 -362.773 0.984 396.9 
XQTZ -0.07159 0.687 460.1 -0.02363 0.736 460.15 
AGRS -0.8595 0.00336 451.18 -0.3517 0.00715 452.36 
BOLS 7.372 3.83E-08 392.39 4.5103 1.59E-06 402.13 
POM -6.3373 4.92E-05 420.64 -3.8009 0.000516 426.45 
SIST -0.4268 0.843 460.22 0.1074 0.941 460.26 
MONT -1.6844 8.78E-06 437.08 -0.8273 5.00E-05 439.2 
FLOR 4.6663 1.53E-09 403.69 2.9352 5.36E-08 407.16 
MAT 6.0968 0.000185 438.85 4.0676 0.000906 442.16 
 
LEG: TEMP-temperature; INSO-insolation; RAD-radiation; PREC-rainfall;EVAP-
evapotranspiration; HUM-humidity; ACID-acidity of the soil; X-latitude; Y-longitude; RIOS-
distance to nearest water; SLOP-slope; ALT-altitude; ASPE-aspect; COL-number of hives; 
COLf- actual number of hives; IET-road perimeter; IE-main roads perimeter; Ett-distance to 
nearest road; ET- distance to nearest main road; CASC- gravel; DIG- diorite; GRA- granite; 
MET- metavolcanic rocks; RCAB-carbonate rocks; XARG-clay shale; XGRV-shale, 
greywacke; XQTZ-chale, quartzites; AGRS-agricultural areas; BOLS-agricultural areas with 
shrubland; POM-orchards; SIST-complex cultivation patterns; MONT-“montado”; FLOR-
forested areas; MAT-shrubland areas  
 
 
